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BIOLOGICAL  EFFECTS  OF  MILLIMETER-WAVE  IRRADIATION: 


LIVING  BACTERIAL  ORGANISMS 

INTRODUCTION 

With  the  recent  and  projected  advances  in  millimeter-wave  technology, 
including  the  availability  of  high-power  transmitters  in  this  band,  it  has 
become  necessary  to  understand  the  interaction  of  fields  at  these  frequencies 
with  living  organisms.  Several  research  reports  [1-4]  indicate  sharp  millime¬ 
ter-wave  frequency-dependent  lethal  and  mutagenic  effects  on  microorganisms, 
and  effects  on  growth  of  cells.  In  the  absence  of  basic  knowledge  of  the 
dielectric  properties  of  biological  media,  it  is  difficult  to  judge  the  valid¬ 
ity  of  these  claims  or  to  guess  about  the  frequency  regions  of  greatest  inter¬ 
est.  To  search  for  frequency-specific  effects,  evaluation  of  the  action 
spectra  of  millimeter-wave  irradiation  is  inefficient,  relying  as  it  does  on 
fairly  time-consuming  biological  and  biochemical  assays.  One  such  study 
undertaken  by  us  for  protein  synthesis  by  baby  hamster  kidney  (BHK)  mammalian 
cells  [5-7]  with  and  without  continuous-wave  (CW)  irradiation,  for  202  fre¬ 
quencies  at  Q.l-GHz  intervals  in  the  38-  to  48-GHz  and  65- to  75-GHz  bands, 

failed  to  reveal  any  microwave-induced  effects  as  compared  to  control  samples. 
Further  studies,  conducted  by  our  group  as  a  part  of  the  present  proiect,  have 
also  failed  [8]  to  show  athermal  mutagenic  effects  of  millimeter-wave  radia¬ 
tion  for  the  following  systems: 

1.  Induction  in  Escherichia  coli  of  strains  of  wild-type  lambda  phage 

sensitive  to  mutation  to  mitomycin  C  and  ultraviolet  light  but  insen¬ 
sitive  to  induction  at  temperatures  as  high  as  39°C. 

2.  Induction  in  Escher ichia  coli  of  temperature-sensitive  (ts)  mutants 

of  lambda  phage  characterized  and  tested  with  regard  to  thermal 
sensitivity  of  induction  in  the  32-42°C  range  and  to  response  to 

ultraviolet  light. 

3.  Salmonella  typh imur ium  strain  TA  1538  (His~  mutant  due  to  frame  shift 
mutation) . 
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4.  Salmonella  t  yph  i  mur  i  urn  strain  TA  1  S  3  5  (His~  mutant  due  to  base  pair 
mut  at  ion  ) . 

All  of  the  above  strains  have  been  irradiated  with  the  use  of  the  broad¬ 
band  temperature-controlled  irradiation  system  [9]  designed  and  built  as  a 
part  of  this  project.  This  system  allows  simultaneous  irradiation  and  sham 
irradiation  of  cell  cultures  under  flowing  conditions  while  keeping  the  tem¬ 
perature  difference  between  radiated  and  control  samples  to  within  ±0.02°C. 

Some  research  reported  in  this  area  [2,  3]  has  emphasized  the  use  of 

highly  stabilized  millimeter-wave  sources  (stabilized  to  within  ±0.1  MHz)  as  a 
necessary  requirement  for  the  observation  of  resonant-type  biological  effects. 
During  the  current  year  of  the  project  we  have  used  a  highly  stable  klystron 
source  (stabilized  to  within  ±0.15  MHz)  to  irradiate  exponentially  growing 
cultures  of  Saccharomyces  cerevisiae  at  frequencies  around  41.84  GHz.  Prelim¬ 
inary  results  described  in  the  next  section  seem  to  indicate  a  possible  pres¬ 
ence  of  perturbations  on  the  growth  rate  due  to  millimeter-wave  irradiation. 
These  experiments  have  also  pointed  to  a  need  for  accurate  frequency  resetta- 
bility  which  has  not  been  possible  in  our  present  system.  An  accurate  stabi¬ 
lizer  system  and  a  frequency  counter  similar  to  the  one  used  by  previous 
researchers  are  therefore  needed  for  the  experiments  before  definite  conclu¬ 
sions  can  be  drawn. 

Using  conventional  approaches,  accurate  measurements  of  the  complex 
permittivities  of  the  biological  media  have  been  difficult  at  millimeter 
wavelengths  requiring  precisely  fabricated  sample  holders  [10,  11]  covering 
fairly  narrow  bandwidths.  Also,  because  of  very  high  attenuation  constants  on 
the  order  of  150-300  dB/cm,  the  thickness  of  the  conventional  sample  holders 
has  had  to  be  a  fraction  of  a  millimeter,  with  concomitant  problems  of  air 
bubbles  and  nonuniform  filling  densities  for  biological  tissues.  We  are 
developing  new  and  novel  approaches  which  will  alleviate  these  problems, 
making  it  possible  to  obtain  the  absolute  permittivities  of  the  biological 
tissues  over  the  26.5“to  90- GHz  band  for  which  the  solid-state  computer-con- 
trolled  precision  measurement  facilities  [12]  are  currently  available  in  our 
laboratory.  Knowledge  of  complex  permittivities  of  biological  preparations 
and  tissues  is  needed  for  dosimetry  and  is  valuable  in  anticipating  any  fre¬ 
quency-specific  effects. 


2 


An  important  area  of  research  in  the  area  of  rad iofrequenc v  radiation 
(RFR)  bioeffects  is  to  determine  the  mechanisms  of  interaction  between  elec¬ 
tromagnetic  fields  and  biological  entities.  A  promising  line  of  investigation 
suggested  toward  this  objective  is  the  laser  Brillouin  and  Raman  spectral 
studies.  Laser  Brillouin  spectroscopy  has  the  advantage  of  being  able  to  emit 
(launch)  or  absorb  acoustic  phonons  in  a  medium  at  frequencies  on  the  order  of 
0. 0-1.0  cm-*  (3  to  30  GHz).  For  higher  frequency  optical  phonons  (>  5-10 
cm-*),  Raman  spectroscopy  is  more  appropriate.  The  dimensions  of  biological 
macromolecules  and  cells  are  of  the  order  of  several  tens  to  thousands  of  Ang¬ 
stroms  and  comparable  to  the  wavelength  of  acoustic  waves  at  microwave/mil¬ 
limeter  frequencies  in  these  structures.  It  is  entirely  conceivable,  there¬ 
fore,  that  Brillouin  and  Raman  spectral  studies  will  provide  a  new  and  useful 
means  of  studying  these  media,  particularly  regarding  the  mechanisms  of  inter¬ 
action  at  microwave  frequencies.  Frohlich  (13]  has  alluded  to  the  possibility 
of  specific  frequencies  of  a  biological  system  related  to  the  excitability  of 
acoustic  phonons  in  cells.  It  is  proposed  to  use  the  Raman  spectroscopy  as  a 
physical  tool  for  real-time  evaluation  of  frequency-specific  effects  of  milli¬ 
meter-wave  irradiation.  The  bioassays  used  by  us  [5-7]  and  others  are  fairlv 
time  consuming  to  search  for  frequency-specific  effects  and  have  a  disadvan¬ 
tage  that  bioeffects  during  irradiation,  if  any,  are  not  detected  by  lack  of 
concurrency  of  the  techniques. 

MUTAGENIC  EFFECTS  OF  MILLIMETER-WAVE  IRRADIATION 

Effects  on  Salmone 11a  Typh imur ium 

The  irradiation  system  (9]  developed  on  this  project  was  used  to  continue 
probing  the  possible  mutagenic  effects  of  mi  1 1 imeter-wave  irradiation  upon 
living  bacterial  organisms.  After  having  tested  for  induction  in  Escher ich ia 
col  i  of  wild-type  and  temperature-sensitive  mutants  of  lambda  phage  in  the 
past  year,  we  used  two  mutant  strains  of  Salmonella  typh imur ipm  to  further 
investigate  the  possible  mutagenicity  of  millimeter  waves.  These  two  strains, 
TA  1535  and  TA  1538,  were  chosen  because  both  possess  a  His-  mutation;  the 
strain  TA  1535  due  to  a  base  pair  mutation  and  the  strain  TA  1538  due  to  frame 
shift  mutation.  These  are  also  the  typical  mutants  used  in  mutagenicity  tests 
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of  biochemicals  and  ionizing  radiation,  as  described  in  the  original  Ames 
papers  [14,  15].  The  availability  of  two  different  strains,  both  lacking  the 

capability  of  synthesizing  histidine  but  due  to  two  distinctly  different 
mutagenic  mechanisms  (base  pair  and  frame  shift),  has  been  judged  of  high 
interest  in  order  to  cover  various,  possible,  back-mutations  mechanisms  in¬ 
duced  by  the  millimeter-wave  irradiation.  Both  strains  were  assayed  for 
response  to  ultraviolet  light  and  to  crystal  violet,  for  the  rate  of  spontane¬ 
ous  back  mutations,  and  for  growth  in  presence  of  histidine.  The  mutagenic 
test  used  has  been  the  standard  Ames  test  [15].  The  experimental  conditions 
are  as  follows- 

An  aliquot  of  stock  culture  was  inoculated  in  50  ml  of  L-broth  (tryptone 
10  g/1,  NaCl  5  g/1,  yeast  extract  5  g/1)  and  allowed  to  grow  for  18-22  hr  on  a 
stirrer  at  room  temperature.  Before  starting  the  irradiation,  the  millimeter- 
wave  system  was  warmed  for  at  least  45  min  and  both  incident  power  and  irradi¬ 
ation  frequency  checked.  The  closed-loop  circuits  for  the  irradiated  and 
sham-irradiated  cultures  were  loaded  and,  after  the  thermal  equilibrium  was 
reached  between  the  two  cultures,  the  actual  irradiation  was  started. 

Using  the  temperature-compensating  system,  the  temperature  difference 
between  the  two  circuits  was  maintained  to  within  ±0.02°C.  The  parameters  of 
the  irradiation  have  been  the  following: 

a.  30  min  of  irradiation, 

b.  square-wave  modulation  with  a  modulation  frequency  of  1000  Hz, 

c.  the  frequency  ranges  were  40.5  to  46.5  GHz  and  65.0  to  75.0  GHz  for 
the  TA  1538  strain  and  42.0  to  48.0  GHz  and  65.0  to  74.0  GHz  for  the 
TA  1535  strain, 

d.  the  frequency  step  was  0.5  GHz, 

e.  the  incident  power  in  the  waveguide  was  in  the  ranges  3-10  mW  and  10- 
14  mW  for  the  U-band  (40-48  GHz)  and  E-band  (65-75  GHz)  respectively, 

f.  the  cultures  were  kept  at  37.0°C  ±  0.04°C  during  the  irradiation,  and 

g.  for  each  frequency  at  least  three  experiments  were  conducted. 

After  the  irradiation,  the  suspensions  from  each  circuit  were  collected 
and  a  0.1-ml  aliquot  of  each  was  placed  in  a  tube  containing  2  ml  of  "Top" 
agar  (agar  6  g/l,  NaCl  6  g/1)  containing  the  proper  amount  of  histidine.  We 
used  the  amount  of  histidine  described  in  the  original  Ames  protocol  [15]  for 
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the  strain  TA  1535  (i.e.,  10  ml  of  histidine,  0.5  mM  for  each  100  ml  of  Top 
Agar),  while  we  used  a  smaller  amount,  2.5  ml  of  histidine  0.5  mM  in  100  ml  of 
Top  Agar,  for  the  strain  TA  1538.  This  was  necessary  because  with  the  origi¬ 
nal  amount  we  obtained  too  many  colonies  for  the  TA  1538  strain. 

The  original  culture  so  diluted  was  then  thoroughly  stirred  in  a  tube  and 
poured  on  Vogel  Bonner  Essential  (VBE)  agar  plates  (VBE  50  X  solution  20  ml/1, 
agar  15  g/1,  glucose  20  g/1).  After  a  48-hr  incubation  at  37“C,  the  resulting 
back-mutation  colonies  were  counted.  The  differences  in  the  number  of  revert- 
ant  colonies  of  the  irradiated  and  the  sham-irradiated  cultures  were  plotted 
versus  the  irradiation  frequency. 

The  data  in  Figures  1  through  4  show  the  average  of  all  of  the  runs  for 
ihe  indicated  frequencies  and  the  standard  deviation  calculated  with  the  ex¬ 
pression  for  small  numbers  of  samples 


o 
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(1) 


These  data  show  that  no  significant  difference  could  be  detected  under 
the  above-described  conditions  between  cultures  of  Salmonella  typhimur ium, 
strain  TA  1538  and  TA  1535,  irradiated  and  sham— irrad iated  with  millimeter 
waves  while  kept  under  isothermal  conditions.  The  smaller  standard  deviation 
present  in  the  data  for  the  TA  1538  strain  was  ascribed  to  a  smaller  variabil¬ 
ity  of  spontaneous  back-mutation  rate  for  the  strain  TA  1538  as  against  that 
for  the  TA  1535  strain. 

In  addition  to  the  above-reported  experiments  whose  irradiation  duration 
was  always  30  min,  additional  experiments  were  conducted  for  longer  periods  (1 
and  2  hr)  on  the  TA  1538  strain  at  selected  frequencies.  These  frequencies 
(66.0,  69.5,  70.5  GHz)  were  chosen  because,  for  the  shorter-term  (30  min) 

exposures,  a  somewhat  lower  number  of  back-mutation  revertants  were  observed 
for  the  irradiated  samples.  The  decision  to  make  the  additional  runs  was 
motivated  by  a  desire  to  cover  more  than  one  generation  time,  which  for  the  TA 
1538  is  about  40  rain.  But  for  the  exposure  time  all  of  the  other  experi¬ 
mental  parameters  were  the  same  as  in  the  earlier  experiments.  Even  for  these 
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1.  The  difference  between  the  number  of  revertant  colonies  of  the 
irradiated  and  sham-irradiated  cultures  for  Salmonella  typhimur ium 
TA  1535  in  the  U-band. 
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Figure  2.  The  difference  between  the  number  of  revertant  colonies  of  the 
irradiated  and  sham-irradiated  cultures  for  Salmonel la  t vphimur ium 
TA  1538  in  the  U-band. 
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3.  The  difference  between  the  number  of  revertant  colonies  of  the 
irradiated  and  sham-irradiated  cultures  for  Salmonella  typhimur ium 
TA  1535  in  the  E-band. 
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Figure  4.  The  difference  between  the  number  of  revertant  colonies  of  the 
irradiated  and  sham-irradiated  cultures  for  Salmonella  typhimur ium 
TA  1538  in  the  E-band. 
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experiments,  no  significant  differences  in  the  number  of  back-mutation  revert- 
ants  were  observed.  The  data  relative  to  this  experiment  are  shown  in  Ta¬ 
ble  1  . 

TABLE  1.  NUMBER  OF  REVERTANTS  OF  SALMONELLA  TYPHIMURIIJM  TA  1538  AS  A  FUNCTION 
OF  THE  IRRADIATION  FREQUENCY  AND  EXPOSURE  TIME  IN  THE  E-BAND 


Duration  of  irradiation 

[GHz]  30  min  60  min  120  min 


66.0 

c 

1 

± 

2.6 

CO 

cr\ 

o 

1 

± 

0.57 

+2.0 

± 

1.0 

69.5 

-3.0 

± 

0.6 

-t-0.33 

± 

2.1 

-3.0 

± 

0.0 

70.5 

-3.6 

± 

4.2 

0.0 

± 

1  .0 

-1.0 

0.0 

Search  for  Resonant  Effects  on  the  Growth  Rate  of  Yeast 
Cultures  Exposed  to  Millimeter-Wave  Irradiation 

Orundler  et  al .  [2,  16,  17]  have  reported  resonant  effects  on  the  growth 

rates  of  Saccharomvces  cerevisiae  due  to  millimeter-wave  irradiation  in  the 
range  41 . 600-61 . 850  GHz.  These  resonances  have  been  claimed  as  experimental 
evidence  of  the  Frohlich  hypothesis  regarding  the  presence  of  cooperative 
phenomena  in  living  organisms  [13].  The  interpretations  reported  in  refer¬ 
ences  2,  16,  and  17  have,  however,  not  been  universally  accepted  due  possibly 
to  the  fol-lowing  factors: 

1.  The  graphs  represented  in  an  earlier  paper  f  2  ]  showed  a  large  scat¬ 
tering  of  the  experimental  data  that  had  been  connected  with  a  reso¬ 
nant-like  continuous  curve  that  often  took  into  account  only  the 
larger  of  the  deviations.  Their  latest  paper  [17]  represents,  how¬ 
ever,  the  results  of  nearly  300  experiments  performed  with  two  dif¬ 
ferent  exposure  systems  over  a  period  of  several  years. 

2.  The  reported  periodic  resonances  with  a  claimed  bandwidth  of  10  MHz 
are  often  represented  by  peaks  whose  values  are  not  considered  bio¬ 
logically  significant  (often  less  than  k8Z  variation  with  respect  to 
the  control  growth  rates). 

3.  The  irradiation  system  (a  Teflon®  fork-shaped  antenna  immersed  in  the 
cell  suspension)  does  not  have  a  well-characterized  irradiation 
pattern  leading,  therefore,  to  the  difficulty  of  defining  the  dose 
distribution  pattern. 
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4.  The  photometric  system  used  to  monitor  continuously  the  growth  rate 
takes  into  account  the  possible  dead  cells,  and  thus  cannot  be  con¬ 
sidered  a  viability  test. 

5.  The  control  cell  cultures  were  not  sham-exposed  simultaneously  in  the 
earlier  set  of  experiments  leading,  therefore,  to  a  potential  for 
natural  variation  in  the  growth  rates. 

We  have  decided  to  use  the  following  solutions  to  resolve  at  least  in 
part  some  of  the  criticisms  of  Grundler's  work: 

1.  The  experimental  data  for  each  experiment  have  been  fitted  to  an 
exponential  curve  using  the  least  square  methods.  The  exponential 
growth  rates  thus  obtained  are  shown. 

2.  After  determining  the  experimental  variability  of  our  protocol,  we 
decided  to  consider  only  those  experiments  significant  for  which  the 
percentage  difference  is  larger  than  ±10Z. 

3.  We  employed  the  dos imetr ical ly  quantifiable  irradiation  system  [9] 

built  for  this  project  and  already  used  for  the  mutagenic  experiments 
reported  in  the  preceding  section  of  this  report.  Among  other  fea¬ 
tures,  this  system  has  an  irradiation  pattern  that  is  defined  theo¬ 

retically  and  checked  experimentally. 

9.  In  order  to  measure  the  growth  rate  of  yeast,  we  used  a  measure  of 
viability,  taking  a  sample  of  the  cultures  just  before  the  irradia¬ 
tion  and  hourly  thereafter.  The  data  were  fitted  to  an  exponential 
curve  for  which  the  growth  rate  was  obtained  by  the  least  square 

method . 

5.  The  irradiation  system  we  used  allows  simultaneous  irradiation  and 
sham-irradiat ion  of  two  cultures  that  are  placed  in  identical  envi¬ 
ronments  . 

Besides  minimixing  the  previously  stated  criticisms,  we  complied  with  the 
three  main  features  emphasized  by  Grundler  et  al.  [2,  16,  17]  for  resonant 

effects.  These  requirements  are: 

1.  Frequency  stability  both  on  short-  and  long-term  (4  hr)  bases. 

2.  Reset t abi 1 i ty  of  the  operating  frequency  and  high  accuracy  of  its 
measurement . 
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3. 


Imposing  to  the  control  cultures  the  same  temperature  variations  as 
those  for  the  irradiated  cell'  while  at  the  same  time  making  all  the 
possible  efforts  to  keep  both  temperatures  within  a  close  range 
(within  ±0.02*C)  around  the  chosen  experimental  temperature. 

We  used  the  following  procedures  to  have  control  of  these  characteris- 

t  i  c  s  : 

1.  We  used  a  normal  (not  frequency  stabilized)  klystron  (OKI  40V12)  and 
continuously  monitored  its  output  frequency  with  a  spectrum  analyzer. 
The  short-term  frequency  stability  for  the  CKI  40V12  klystron  is  * 
±150  kHz,  including  also  the  instability  of  the  local  oscillator  of 
the  spectrum  analyzer.  We  used  a  manual  feedback  on  the  cavity 
dimensions  and/or  on  the  reflector  voltage  to  compensate  for  the 
frequency  shifts  during  irradiation.  In  order  to  keep  track  of  the 
frequency  shift,  we  employed  a  custom-made  frequency-shift  recorder 
fed  with  the  outputs  of  the  spectrum  analyzer  (sawtooth  and  video). 
This  frequency-shift  recorder  well  exceeded  the  minimal  requirements 
of  sensitivity  and  stability  needed  for  these  experiments.  It  was, 
in  fact,  capable  of  sensing  a  frequency  shift  of  50  kHz  for  frequen¬ 
cies  on  the  order  of  40  GHz  (“  1  ppm).  The  frequency  stability  (±150 
kHz)  is  better  than  the  frequency  stability  reported  in  references  2 
and  16,  that  waa  *1  MHz.  The  stability  of  the  klystron  is  achieved 
both  by  keeping  the  environmental  temperature  in  the  20-26*C  range 
and  employing  a  very  careful  tuning  technique.  This  includes,  for 
example,  operating  the  klystron  well  below  its  rated  power,  careful 
setting  of  the  grid  voltage,  and  a  warmup  time  of  not  less  than  1.5 
hr.  A  greatly  increased  frequency  stability  on  the  order  of  ±100  Hz 
may  be  achieved  by  a  state-of-the-art  frequency-s t abi 1 i zed  millime¬ 
ter-wave  generator. 

2.  Frequency  resettabil ity  for  the  present  experiments  was  obtained  by 
using  a  16-in  wood  case  lined  with  Styrofoam  to  hold  the  cavity-type 
frequency  meter.  A  resistive  heater  and  a  temperature  probe  con¬ 
nected  with  a  proportional  temperature  controller  (YSI  72)  were 
within  this  case,  in  close  contact  with  the  frequency  meter.  Even 
though  the  YSI  72  has  a  sensitivity  of  0.01*C,  the  time  constant  of 
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the  whole  system  imposed  a  temperature  stability  of  +0.07°C  and 
-0.03°C.  The  chosen  operational  temperature  was  31.0*C,  the  same  as 
in  references  2  and  16.  In  order  to  check  the  mechanical  resettabil- 
ity  of  the  frequency  meter,  its  resonant  frequency  had  to  be  under¬ 
taken  through  wide  excursions  several  times  (*  10)  while  feeding  it 
with  a  signal  monitored  on  the  spectrum  analyzer.  Using  this  proce¬ 
dure,  the  resulting  mechanical  resettabil ity  was  determined  to  be 
±3.0  MHz. 

3.  We  employed  the  irradiation  system  described  in  reference  9  and 
previously  used  for  the  mutagenic  effects  study  of  this  project. 
This  system  allowed  us  to  keep  the  control  cultures  within  ±0.02*C 
from  the  temperature  of  the  irradiated  cultures. 

The  block  diagram  of  the  system  is  shown  in  Figure  5.  We  performed  a 
four-way  analysis  of  variance  on  the  experimental  data  in  order  to  ascertain 
the  statistical  significance  of  the  results.  The  actual  experimental  condi¬ 
tions  are  hereby  described. 

An  aliquot  of  stock  culture  of  Saccharomyces  cerevisiae  was  inoculated  in 
50  ml  of  Sabouraud  glucose  broth  (glucose  20g/l,  Neopeptone  10  g/1).  The 
cells  were  grown  for  18-32  hr  on  a  stirrer  at  32°C.  Before  loading  the  cir¬ 
cuits,  the  cultures  were  usually  diluted  1:10  or  1:100  in  order  to  have  an 
approximate  initial  concentration  of  10^-10^  cells/ml.  The  two  circuits  were 
then  loaded  with  5  ml  of  culture  each  by  filling  the  respective  storage  tubes. 
The  necessity  for  using  these  storage  tubes  stems  from  the  need  to  have  enough 
volume  for  the  hourly  sampling  of  0.2  ml  and  still  have  enough  suspension  to 
fill  the  circuits.  The  tubes  are  provided  with  filtered  air  to  stir  and 
aerate  the  cultures. 

After  at  least  1.5  hr,  the  irradiation  was  begun;  this  time  lag  was 
necessary  both  for  the  warmup  of  the  millimeter-wave  system  and  for  the  cells 
to  enter  the  log  phase.  The  peristaltic  pump  was  checked  and  adjusted  for 
each  experiment  to  a  flow  rate  of  5  ml/min.  This  gave  an  exposure  time  of  3.1 
sec  for  a  sample  of  the  suspension  to  pass  through  the  sample  ho lder^  while 
the  repetition  rate  is  1  min.  The  irradiation  time  was  4  hr  with  continuous 
wave  at  a  power  in  the  waveguide  of  20  raW  ±  0.1  mW.  At  the  beginning  of  the 
irradiation  and  every  hour  thereafter,  an  aliquot  of  0.2  ml  was  taken  from 
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the  storage  tube,  diluted  10:4  in  Sabouraud  glucose  broth,  and  plated  on  4  or 

6  Sabouraud  glucose  agar  plates  (Bacto  Agar  15  g/1,  glucose  40  g/1,  Neopeptone 

10  g/1)  for  each  culture.  The  plates  were  then  incubated  for  48  hr  at  32“C. 

The  results  were  averaged  for  each  set  of  4  or  6  plates  and  the  resulting  data 

fitted  for  an  exponential  curve. 

Various  experiments  have  been  performed  without  millimeter-wave  irradia¬ 
tion  in  order  to  check  the  overall  effects  of:  (a)  variation  of  two-cell 
suspensions  placed  in  similar  environments  (i.e.,  the  two  channels  of  the 
irradiation  chamber),  and  (b)  the  variability  introduced  by  the  plate-count ing 
technique.  tn  none  of  these  experiments  was  the  percent  difference  between 
the  slopes  of  the  two  cultures  greater  than  8%.  We  can  thus  say  that  the 
chosen  counting  technique  is  accurate  to  within  ±10%. 

We  began  the  experiments  having  planned  to  scan  various  closely  spaced 
frequencies;  however,  the  results  of  the  first  experiments  (done  with  the  air 
bubbling  system)  were  fairly  scattered  around  the  baseline  for  a  given  fre¬ 
quency.  Analyzing  all  the  data  for  each  experiment,  the  only  known  parameter 
that  was  changing  among  the  various  runs  was  the  initial  concentration. 

We  have  thus  decided  to  plot  the  percentage  difference  in  growth  rate  vs. 
initial  concentration,  for  a  given  frequency.  The  results  are  shown  in  Fig¬ 
ures  6-8.  Figures  6  and  7  refer  to  a  frequency  of  41.840  GHz,  and  the  results 
are  separated  according  to  the  number  of  plates  used  for  each  sampling  (4  or 
6).  A  split  plot  analysis  of  variance  performed  on  the  available  data  showed 
a  statistically  significant  difference  between  irradiated  and  between  radia¬ 
tion  and  replication,  meaning  that  for  various  replication  the  presence  of 
radiation  induced  a  significant  effect  on  the  growth  rate.  A  summary  of  the 
results  of  the  statistical  analysis  is  presented  in  Table  2. 

PRECISION  MEASUREMENTS  OF  THE  COMPLEX  PERMITTIVITIES 
OF  BIOLOGICAL  TISSUES 

During  the  last  year,  we  basically  pursued  two  tasks: 

1.  Development  of  a  semiautomated ,  modified  "infinite"  sample  method  to 
measure  the  complex  permittivities  of  biological  tissues  and  prepara¬ 
tions.  These  efforts  included  further  development  of  our  X-band 
preliminary  system  and  using  this  experience  in  the  development  of 
and  actually  making  measurements  on  the  millimeter-wave  setup. 
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INITIAL  CONCENTRATION  (Cell/ml  10"5)  OF  IRRADIATED  CULTURE 

Figure  6.  Percentage  difference  in  growth  rate  vs.  initial  concentration  for 
Saccharomyces  cerevisiae  exoosed  for  4  hr  to  millimeter-wave  irra¬ 
diation. 
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INITIAL  CONCENTRATION  (Cell/ml  ID'5)  OF  IRRADIATED  CULTURE 


Figure  7.  Percentage  difference  in  growth  rate  vs.  initial  concentration  for 
Saccharomyces  cerevisiae  exposed  for  4  hr  to  millimeter-wave  irra- 
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TABLE  2.  SOME  STATISTICAL  RESULTS  OBTAINED  WITH  A  SPLIT  PLOT 
ANALYSIS  Op  VARIANCE 


f  [GHz  1 

No.  of 
Plates 

No .  of 
Exper iment  s 

Effect  of 
Radi  at  ion 

Effect  of 
Repl icat ion 

Effect  of 
Interact  ion 
Of  Rad*Rep 

E 

X 

O'' 

oo 

F 

=  40.4 

F 

= 

17.5 

41  .820 

4 

5 

df 

=  1/120 

df 

=  4/120 

df 

= 

4/120 

P 

<  I'.Ol 

P 

<  0.01 

P 

< 

0.01 

F 

=  7.70 

F 

=  20.7 

F 

= 

7.6 

41  .840 

4 

7 

df 

=  1/168 

df 

=  6/168 

df 

= 

6/168 

P 

<  0.01 

P 

<  0.01 

P 

< 

0.01 

F 

=  0.002 

F 

=  13.2 

F 

= 

23.4 

41.820 

6 

6 

df 

=  1/240 

df 

=  5/240 

df 

= 

5/240 

P 

>  0.05 

P 

<  0.01 

P 

< 

0.01 

2.  Development  of  an  in-vivo  method  tor  making  these  dielectric  measure¬ 
ments  in  the  millimeter-wave  rang“.  This  development  included  theo- 
ret ical  efforts  to  relate  the  measured  in^ut  admittance  of  the  open- 
ended  waveguide  sample  holder  to  the  complex  permittivity  of  the  test 
sample . 

We  also  performed  experimental  measurements  to  validate  the  adopted 
numerical  method  of  solution.  The  following  is  a  summary  of  the  progress  made 
in  fulfilling  these  tasks. 

Development  of  the  Semiautomnted  Modfied  "Infinite"  Sample  Method 
An  analysis  was  performed  to  delineate  the  role  of  the  dielectric  con- 

•  •  •  “ft 

slant  of  the  intermediate  layer  on  the  inaccuracy  in  the  calculated  e  as  a 
result  of  the  errors  in  the  measured  values  of  the  reflection  coefficient  |p ) 
and  its  phase  .  The  results  are  shown  in  Table  3.  It  may  he  seen  that  the 
errors  in  the  calculated  values  of  e  are  significantly  lower  for  =  6.0  or 

9.0  than  for  Teflon  (e  =  2.1).  A  better  match  (lower  |p  )  )  between  the  bio¬ 
logical  tissues  and  the  empty  waveguide  results,  therefore,  in  an  improved 
accuracy  of  the  calculated  complex  permittivities.  These  higher  dielectric 
constant  materials  were,  therefore,  ordered  and  used  in  our  measurements. 


TAf'.I.E  5.  '-LUCENT  ERROR  [N  COMPLEX  PERMITTIVITY  (c*)  OF  WATER  FOR  VARIOUS 
DIELECTRIC  CONSTANTS  (e  )  AND  LENGTHS  (L)  OF  THE  INTERMEDIATE  LAYER 


£I 

Frequency 

GHz 

L _ 

Reflect  ion 
Coef  f ic ient 

H 

Percent  error  in 
e*  for  ±1%  error 
in  |pj 

Percent 
t*  for 
in 

error  in 
±1X  error 

Id 

Real 

Part 

Imaginary 

Part 

Real 

Part 

Imaginary 

Part 

2.1 

10.05 

0.25 

0.588 

3.16 

5.25 

3.59 

-12.98 

2.1 

9.05 

3.25 

0.580 

3.06 

5.48 

3.45 

-13.81 

6.0 

9.9 

0.25 

0.070 

0.25 

0.38 

0.28 

-1.02 

6.0 

8.8 

3.25 

0.032 

0.13 

0.035 

-0.025 

-0.61 

9.0 

9.85 

0.25 

0.146 

0.53 

0.78 

1 

o 

00 

2.17 

9.0 

8.75 

3.25 

0.197 

0.60 

1.59 

-1  .06 

2.75 

is  the  guide  wavelength  within  the  region  of 
the1 intermediate  layer. 


the  waveguide  occupied  by 


Another  point  to  note  from  Table  3  is  that  the  length  of  the  intermediate 

layer  is  of  little  consequence  for  the  accuracy  of  the  measurements.  Thinner 

intermediate  layers  (l  ■  A  /4)  were,  therefore,  used  to  reduce  the  losses 

SCI 

associated  with  these  "impedance  transformers." 

The  intermediate  layer  is  characterized  for  its  dielectric  constant  using 
the  short-c  ircuited  sample  method  [18].  This  involves  the  use  of  a  short 
placed  immediately  at  the  end  of  the  intermediate  layer  sample  of  length  i. 
Measurements  are  made  for  the  shift  in  locations  of  minima  with  and  without 
the  sample  of  e^. 

If  is  the  measured  shift  in  minima,  then  the  dielectric  constant  is 
obtained  from  Equations  2-4. 


tan  \  2ifx 

-HTT-'  V-  (2) 

I  % 
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(3) 


where  X  and  X  are  the  free-space  wavelength  and  cutoff  wavelength  resDec- 
o  c 

tively.  By  this  method,  the  dielectric  constant  of  alumina  for  l  =  3X  / 4  is 

gel 

measured  at  several  frequencies  in  the  X-band.  Frequency-averaged  dielectric 
constant  for  X-band  is  measured  to  be  9.04.  This  measured  value  of  dielectric 
constant  is  3.83%  below  the  desired  value  of  9.4.  A  reason  for  this  discrep¬ 
ancy  may  be  the  improper  accounting  of  the  discontinuity  at  the  air-dielectr ic 
interface.  This  reason  and  other  possible  sources  or  errors  are  presently 
being  examined. 

Errors  in  measurement  of  the  reflection  coefficient  can  be  reduced  by 
taking  large  numbers  of  voltage  measurements  along  the  slotted  line  at  equal 
intervals  and  combining  any  three  of  these  voltages  to  obtain  the  value  of 
reflection  coefficient.  We  decided  to  measure  different  sets  of  three  volt¬ 
ages  and  to  average  the  obtained  values  of  the  reflection  coefficients.  A 
computer  program  to  implement  the  above-mentioned  multiprobe  method  was  devel¬ 
oped  on  the  Hewlett-Packard  (HP)  9825  calculator.  In  order  to  implement  the 
multiprobe  method  for  measurement  of  complex  reflectivities,  however,  it  is 
required  to  move  the  detector  along  the  slotted  line  at  equal  intervals  by 
means  of  a  stepping  motor.  Electronic  circuitry  required  to  control  the 
movement  of  the  stepping  motor  has  been  completed.  The  semiautomated  measure¬ 
ment  setup  for  the  determination  of  dielectric  properties  is  shown  in  Fig¬ 
ure  9. 

Some  experience  using  the  developed  semiautomated  multiprobe  method  was 
gained  by  making  dielectric  measurements  in  the  frequency  range  from  9.8  to  11 
GHz.  The  dielectric  properties  of  deionized  water  and  0.9%  saline  thus  ob¬ 
tained  are  compared  in  Table  4  with  the  theoretically  obtained  values.  For 
the  theoretical  calculations,  Debye  equation  was  assumed  and  the  following 

parameters  were  taken,  c  =  4.9,  e  *  77.0,  and  t  =  7.5  x  1 0— 1 2  geC- 

«  s 

It  can  be  seen  that  the  theoretical  and  experimental  values  for  deionized 
water  are  within  *10%  for  real  as  well  as  for  the  imaginary  parts  of  the 
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complex  permj 1 t  iv i t y .  Also,  as  expected,  the  imaginary  part  of  complex  per¬ 
mittivity  for  saline  is  higher  than  that  for  deionized  water. 


Figure  9.  Block  diagram  of  the  measurement  system  for  millimeter  wavelengths. 

In  implementing  the  multiprobe  method  at  millimeter  wavelengths,  we 
encountered  some  difficulties  because  of  the  fairly  small  size  of  the  slotted 
line.  Also,  several  other  mechanical  problems  were  experienced  in  fabricating 
the  assembly  that  couples  the  movable  probe  to  the  stepping  motor.  Recently, 
however,  we  have  designed  and  fabricated  a  new  V-band  slotted  waveguide  which 
is  placed  in  the  Universal  probe  carriage.  .  Also  a  new  detector  probe  was 
fabricated.  With  the  placement  of  a  new  stepping  motor,  it  was  then  possible 
to  move  the  slotted  line  with  step  sizes  from  0.005  *  0.001  in  to  0.04  *  0.001 
in.  The  number  of  steps  along  the  slotted  section  of  the  waveguide  was  in¬ 
creased  to  40-300  depending  on  the  step  size.  It  appears  that  the  problem  of 
uneven  penetration  of  the  probe  has  also  been  significantly  reduced  because 
the  standard  deviation  of  the  reflection  coefficient  (magnitude  |p |  and  phase 
as  calculated  from  measurements  of  the  standing  wave  pattern  along  the 
waveguide,  was  considerably  lower.  With  the  new  slotted  line-stepping  motor 
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TABLE  4.  COMPLEX  PERMITTIVITIES  FOR  DEIONIZED  WATER  AND  0.9%  SALINE 
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assembly,  the  experiments  were  performed  for  measurement  of  complex  permittiv¬ 
ity  of  water.  The  sample  holder  contained  a  3.25  X  matching  transformer 

g£l 

of  e  =  6  mat  er ial . 

I 

On  account  of  a  somewhat  lower  detector  sensitivity  and  consequently  its 
lower  output,  the  ref lectometer  amplifier  and  A/D  converter  in  the  measurement 
setup  described  in  our  last  report  were  replaced  by  a  regular  voltage  standing 
wave  ratio  (VSWR)  meter  and  manual  data  entry.  Also,  a  klystron  (OKI-70V11) 
instead  of  solid-state  Hughes  oscillator  was  used  to  increase  the  incident 
power  from  3  to  25  mW.  After  performing  many  measurements  from  65  to  75  GHz, 
we  draw  the  following  conclusions: 

a.  The  standard  deviation  in  the  measurement  of  jp  |  and  using  multi¬ 

probe  method  is  significantly  lower  than  our  previous  measurements. 

b.  The  accuracy  of  measurements  of  |p  |  and  has  to  be  improved  by 

either  using  a  higher  sensitivity  detector  diode,  or  modifying  the 
detector  mount,  or  increasing  the  incident  power. 

c.  It  is  necessary  to  better  characterize  the  matching  transformer  for 
its  dielectric  constant  and  loss. 

It  should  be  emphasized  that  increasing  the  detector's  output  by  increas¬ 
ing  the  penetration  of  its  probe  inside  the  waveguide  is  highly  undesirable 
because  of  the  probe's  excessive  perturbation  of  the  waveguide  fields  being 
measured.  Table  5  shows  the  effect  of  the  depth  of  penetration  on  the  re¬ 
flected  and  transmitted  powers.  From  the  data  in  Table  5  it  is  clear  that  a 
probe  penetration  of  more  than  0.01  in.  is  undesirable.  For  a  small  probe 
penetration,  on  the  other  hand,  the  detector  output  is  too  small  to  drive  the 
A/D  converter  in  our  automated  system. 


TABLE  5.  EFFECT  OF  DEPTH  OF  PENETRATION  ON  REFLECTED  AND  TRANSMITTED  PCWER 
WHEN  SLOTTED  LINE  IS  TERMINATED  BY  A  MATCHED  LOAD 


Penetration  of 
probe/height  of 
waveguide 

Transmitted 
power  in 
mW 

Reflected 
power  in 
mW 

0.00 

1.0 

0.0 

0.25 

0.8 

0.1 

0.50 

0.7 

0.15 
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To  further  examine  these-  sensitivity  problems,  we  have  borrowed  a  commer- 
<  ia!  8-mm  wavelength  precision  slotted  wa/eguide.  We  plan  to  examine  its 
sensitivity  and  the  suitability  for  coupling  its  output  to  the  re f lec t omet or 
amplifier  and  the  A/D  converter  in  our  automated  measurement  system.  Compari¬ 
son  between  our  detection  system  and  the  one  in  the  precision  waveguide  will 
also  be  made  and  some  modifications  (if  appropriate)  will  be  made  to  improve 
the  sensitivity  of  our  system. 

It  is  our  present  feeling  that  many  of  these  problems  could  be  alleviated 
bv  purchasing  a  commercial  E-band  precision  slotted  waveguide. 

In-Vivo  Dielectric  Measurement  Method 

For  in-vivo  measurements,  two  approaches  were  analyzed  in  detail: 

1.  Discrete  mode  method.  In  this  approach,  admittance  of  the  waveguide 
radiating  into  a  bigger  waveguide  containing  the  biological  sample  is 
calculated.  Use  of  waveguide  boundaries  instead  of  unbounded  space 
for  biological  sample  greatly  simplifies  the  theory  for  the  admit¬ 
tance  calculations.  With  proper  selection  of  the  dimensions  of  the 
larger  waveguide,  one  can  asymptot > cal ly  approach  the  characteristics 
of  the  unbounded  biological  sample.  This  method  is  similar  to  the 
one  described  by  J.  Galejs  for  a  stratified  plasma  [18]. 

In  this  method,  all  transverse  electric  (TE)  and  transverse 
magnetic  (TM)  modes  are  formulated  for  smaller  and  larger  waveguides 
in  terms  of  assumed  electric-field  distributions  at  the  boundary 
between  two  waveguides;  then  the  total  z-directed  power  due  to  all 
modes  divided  by  the  square  of  the  voltage  at  the  aperture  gives  the 
required  admittance.  Final  expression  for  admittance  is  similar  to 
equation  1  of  reference  18. 

2.  Continuous  mode  method.  This  method  is  similar  to  one  described  hv 
M.  C.  Decreton  and  F.  E.  Cardiol  [19].  It  calculates  the  admittance 
of  an  open-ended  waveguide  radiating  into  the  biological  sample. 
Discrete  mode  expansion  is  assumed  in  the  waveguide  while  the  contin¬ 
uous  mode  expansion  is  assumed  for  the  biological  sample.  Equation 
10  of  reference  19  gives  admittance  by  matching  boundary  conditions 
at  the  aperture. 
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Assuming  magnetic  current  distributions  at  the  aperture  corre¬ 
sponding  tu  different  modes,  the  admittance  is  obtained  hv  applying 
the  Kav  1  <  •  i  gh-R  i  t  z  technique.  Numerical  calculation  of  admittance  bv 
this  met  hod  involves  ( N  -  1)2  evaluation  of  double-surface  integrals 

and  inversion  of  a  matrix  of  dimension  (N  -  1)  *  (N  -  1),  where  N  is 
the  number  of  assumed  discrete  modes  at  the  aperture.  Figure  10 
shows  the  flow  chart  for  finding  complex  permittivities  of  biological 
samples  bv  the  methods  described  above.  Admittance  calculations  will 
have  to  be  performed  differently  for  these  methods,  but  all  other 
steps  are  similar.  Computer  programs  were  written  for  implementation 
of  both  the  methods.  One  of  the  two  will  be  chosen  eventually  bv 
considering  the  accuracy  of  predicted  complex  permittivity  and  numer¬ 


ical  efficiency. 

For  in-vivo  measurements  of  complex  permittivities  of  biological  tissues, 
we  have  performed  some  experiments  in  the  K-band  to  see  the  validity  of  our 
computer  program.  We  have  measured  j p  J  and  $  from  9.5  to  11  GHz  in  steps  of 
0.1  GHz.  Table  f>  compares  the  theoretical  and  experimental  VSWRs  and  phases 
for  deionized  water  and  3%  saline.  Instead  of  introducing  the  matching  trans¬ 
former  outside  the  waveguide  as  described  in  our  last  report,  a  3X  ^/4  alu¬ 
mina  matching  transformer  is  used  which  is  inside  the  waveguide.  This  is  done 
because  of  the  convergence  problems  in  the  numerical  approach  for  low  dielec¬ 
tric  constant  matching  transformers  (which  are  outside  the  waveguide)  that 
give  low  VSWKs .  It  has  been  found  that  there  is  little  difference  in  theoret¬ 
ical  and  experimental  values  of  VSWRs  for  deionized  water  and  saline,  but  the 
phase  differs  significantly.  Also,  there  is  a  small  but  consistent  difference 
in  VSWR.s  between  3%  saline  and  water  in  experimental  as  well  as  theoretical 
results. 


Fur  the  theoretical  calculation  of  the  reflection  coefficient  values 
given  in  Table  b,  we  assumed  complex  permittivity  for  deionized  water  to  be  as 
per  Debye  equation  with  <■  =  4.9,  £  =  77.0,  and  t  =  7.5  x  10~^2  sec,  while 

on  o 

the  assumed  complex  permittivities  for  h%  saline  are  obtained  bv  adding  2.0  to 
the  imaginary  part  of  the  complex  permittivity  values  for  deionized  water. 
The  dielectric  constant  of  the  matching  transformer,  i.e.,  alumina,  is  assumed 
t  i  be  9.3. 
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f  the  computer  program  for  in  vivo 


TABLE  6.  THEORETICAL  AND  EXPERIMENTAL  VALUES  OF  VSVRs  AND  PHASES  FOR  DEIONIZED  WATER  AND  3?  SALINE 
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Efforts  are  underway  to  analyze  the  sources  of  errors  in  this  system  that 
resulted  in  the  discrepancies  between  the  calculated  and  measured  values  of 
the  reflection  coefficient  particularly  as  regards  to  the  phase. 

LASER  BRILLOUIN  AND  RAMAN  SPECTROSCOPY  OF  BIOLOGICAL  SYSTEMS 

Using  the  Raman  system  shown  in  Figure  11,  we  have  examined  some  virus 
suspensions  prepared  by  polyethylene  glycol  precipitation  and  rate  zonal  and 
density  gradient  centr i fugat ion .  The  viruses  were  vesicular  stomatitis  virus 
(VSV),  Sindbis  virus,  and  LaCrosse  (LaC)  viruses.  All  three  viruses  were 
suspended  ir.  a  tr  is-NaCl-EDTA  buffer  whose  spectrum  was  also  taken.  The 
spectra  were  taken  in  the  range  200-3500  cm~l  at  a  scanning  speed  of  4  cra'l/ 
sec  and  a  time  constant  of  0.2  sec  and  recorded  on  a  strip  chart  recorder. 


Holder 


Figure  11.  Initial  Raman  system. 
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The  suspensions  were  placed  in  a  fused  silica  cell,  at  room  temperature. 
Under  these  conditions,  only  the  VS V  suspension  gave  a  Raman  spectrum 
different  from  the  suspending  medium.  This  was  because  of  the  mm  h  higher 
concentration  of  this  virus  suspension.  The  Raman  peaks  were  observed  at  210, 
356 ,  526,  724,  and  1031  cm-1. 

A  water- jacketed  flowing  sample  holder  has  been  designed  and  fabricated. 
This  system  has  heen  designed  to  allow  simultaneous  millimeter-wave  irradia¬ 
tion  under  temperature-controlled  conditions. 

Interest  has  been  renewed  in  examining  the  Raman  spectra  of  Bacillus 
megaterium.  In  preliminary  experiments  following  the  procedure  outlined  bv 
Webb  [20],  we  have  observed  apparent  time-dependent  Raman  lines  in  the  fre¬ 
quency  band  800-1800  on"'.  The  system  used  to  obtain  these  spectra  is  shown 
in  Figure  12,  with  an  integration  time  of  1  sec  and  spectral  step  of  4  cm-!. 


Figure  12.  (’resent  Raman  system. 
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\  tin.'  Si-quence  of  the  Raman  spectra  are  ait  ached  here  as  Figures  13(a)-(g). 
At  this  noint,  it  is  not  clear  whether  any  artifacts  are  involved  in  the 
appearance  of  these  lines.  More  work  is  presently  underway  to  delineate  the 
conditions  under  which  these  lines  are  observed.  We  also  plan  to  use  an 
optical  multichannel  system  [SPEX  Doublemite  0.2S-m  subtractive  dispersion 
louble  spectrometer,  Princeton  Applied  Research  1420  intensified  diode  arrav 
detector)  to  examine  whether  the  Raman  shifted  emissions  are  narrow  band  or 
broadband  and  also  to  examine  the  dependence  of  the  Raman  frequencies. 

PROGRESS  ON  PREPARATION  OF  TIE  BtOl.OGICAL  MEDIA 

In  the  past  year,  the  three  viruses  prepared  to  be  used  for  Raman  stud¬ 
ies,  have  been  investigated  extensively.  They  are  vesicular  stomatitis  virus 
O'SV),  Sindbis  virus,  and  LaCrosse  (LaC)  virus.  They  have  been  propagated  in 
BHK-21  cells  to  high  titer  with  and  without  3^S-methionine,  32P,  or  other 
appropriate  radiolabels.  For  the  proposed  Raman  light  scattering  as  well  as 
for  other  studies,  it  is  necessary  to  use  highlv  homogeneous  and  monod i sper sed 
suspensions.  Methods  have  been  adapted  to  these  three  viruses  which  have 
allowed  the1  preparation  of  such  suspensions  using  polyethylene  glycol  precipi¬ 
tation,  rate  zonal,  and  density  gradient  iltra-centr ifugat ion .  The  suspen¬ 
sions  have  been  found  to  be  highlv  concentrated  and  homogeneous  bv  analytical 
rate  zonal  centrifugation. 

Methods  have  been  developed  or  adapted  for  disruption  of  the  viruses  and 
isolation,  purification,  and  analysis  of  their  envelope  glycoproteins.  These 
techniques  employ  nonionic  detergent  dissociation  in  high  salt,  gel  exclusion 
chromatogr aph v ,  and  polyacrylamide  gel  electrophoresis.  These  methods  will  be 
employe!  to  prepare  lipid  vesicles  (liposomes)  with  specific  viral  glycopro¬ 
teins  "inserted"  in  the  hilayer. 

Extensive  studies  have  been  carried  out  by  preparation  of  a  "battery"  of 
monoclonal  antibodies  to  the  Gl  glycoprot  -in  of  the  LaC  virus.  Mice  were 
immunized  to  both  infectious  virus  and  purified  Gl  glycoprotein.  Spleen  cells 
from  these  mice  were  fused  to  myeloma  cells  and  the  resulting  hvbridoma  cells 
selected  for  and  cloned.  Over  70  separate,  successful  clones  have  been  passed 
and  frozen  down  for  future  work.  Twenty  *f  them  have  been  grown  in  vitro, 
injected  into  mice,  and  ascitic  fluids  prepared.  Specific  immunoglobulins 
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Figure  13g. 


have  been  isolated,  purified,  and  character ized  with  respect  to  isotype, 
neutralizing  and  hemagglutination  inhibition  activities,  and  ^^I-compet it  ion 
binding.  These  studies  have  allowed  us  to  map  specific  antigenic  determinants 
(epitopes)  on  the  Gl  glycoprotein  of  LaC  with  respect  to  the  trypsin-sensitive 
cleavage  sites.  The  finding  which  is  of  critical  importance  to  new  proposed 
studies  on  microwave  effects  on  biological  structures  is  that  epitope-specific 
immunoglobulins  (antibodies)  react  with  this  enveloped  viruses'  glycoprotein 
(Gl)  and  cooperatively  produce  conformational  changes  in  these  antibodies  and 
probably  the  Gl  glycoprotein  in  situ. 
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